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(54) RADIOCOMMUNICATION DEVICE OF TRANSMISSION DIVERSITY SYSTEM 



(57) A radio communication apparatus with a diver- 
sity transmission function is provided with an auxiliary 
transmitter Further to transmitters peculiar to channels. 
CDMA system signals received by antennas are modu- 
lated for respective channels, a maximum reception 
power level of each channel is detected, and an 
antenna with a maximum level is found. In a diversity 
transmission control, it is determined whether or not 
maximum reception levels of all channels are equal to or 
higher than a predetermined level. If the maximum 
reception levels of all channels are equal to or higher 
than the predetermined level, an ordinary diversity con- 
trol is performed. Specifically, transmission signals of 
respective channels are transmitted from antennas with 
maximum reception power levels via the transmitters 
peculiar to the channels. If the maximum reception level 
of any one of the channels is the predetermined level or 
less, the transmission signal of the associated channel 
is transmitted from the antenna with a second highest 
reception power level of the channel via the auxiliary 
transmitter, Further to the ordinary diversity control. 
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Description 

Technical Field 

The present invention relates to a radio communi- 
cation apparatus in which a transmission antenna is 
selected by a diversity transmission system. 

Background Art 

In the field of mobile communications, a diversity 
technique is used to prevent degradation of communi- 
cation quality due to phasing, etc. An example of the 
diversity technique is a diversity transmission system 
adopted in a base station of PHS (personal Handy- 
phone System). 

In the diversity transmission system, a plurality of 
antennas are provided and a transmission signal from a 
mobile station (radio communication terminal) is 
received by the plural antennas. On the basis of recep- 
tion results by the plural antennas, an antenna with 
highest communication quality is found and a signal is 
transmitted to the mobile station from this antenna. This 
system is advantageous in that since the antenna is 
selected on the basis of the degree of phasing at 
antenna, there is no load on the mobile station side. 

However, if the diversity transmission system is 
applied to base station equipment of a mobile communi- 
cation unit of a multi-channel access system such as 
CDMA (Code Division Multiple Access), the following 
drawback will arise. In the case of CDMA, an up link 
from a mobile station to a base station is easily inter- 
fered with by another channel. If communication quality 
of all propagation paths is degraded by such interfer- 
ence, detection precision of parameters indicating com- 
munication quality of each path also deteriorates and 
the selected antenna is not necessarily the best one. 

In order to prevent this problem, it is possible to 
reduce the influence of interference by decreasing the 
number of multiplexed channels. With this method, how- 
ever, a new problem arises in that the efficiency of radio 
resource use such as frequency will also decrease. 

As described above, when multi-channel communi- 
cation is performed in the conventional radio communi- 
cation apparatus of diversity transmission system, if the 
communication quality of all communication paths dete- 
riorates due to inter-channel interference, the best 
antenna will not necessarily be selected for communica- 
tion. 

The present invention has been made in order to 
solve this problem, and its object is to provide a radio 
communication apparatus capable of selecting the best 
antenna and enhance communication quality without 
lowering the efficiency of use of frequency. 

Disclosure of Invention 

In a radio communication apparatus having a diver- 



sity transmission function according to the present 
invention, a signal in which plural channels are multi- 
plexed is received via a plurality of paths, a best path is 
selected, and signals are transmitted via the selected 

5 path. The apparatus comprises transmitters, the 
number of which is greater than the number of the mul- 
tiplexed channels, and means for transmitting transmis- 
sion signals of some channels via the plural transmitters 
and the plural paths. 

io Since the transmission signal of a certain channel 
is transmitted via plural transmitters and paths, the pos- 
sibility of erroneous selection of paths is decreased. As 
a result, the communication quality can be enhanced. 
Further, when a great number of channels are multi- 

75 plexed, an up link will easily interfere with another chan- 
nel. In the prior art, in order to prevent erroneous 
selection of paths, the number of channels to be multi- 
plexed is reduced and the frequency use efficiency is 
decreased. According to the present invention, the 

20 diversity transmission control can be performed without 
decreasing the frequency use efficiency. 

Brief Description of Drawings 

25 FIG. 1 is a block diagram showing the structure of 
base station equipment for mobile communication 
of CDMA system as a first embodiment of a radio 
communication apparatus of a diversity transmis- 
sion system according to the present invention; 

30 FIG. 2 is a flow chart showing an operation of the 
first embodiment; 

FIG. 3 shows a diversity transmission operation in a 
case where a maximum reception power level of all 
channels is greater than a predetermined level in 
35 the first embodiment; and 

FIG. 4 shows a diversity transmission operation in a 
case where a maximum reception power level of at 
least one channel is a predetermined level or less in 
the first embodiment. 

40 

Best Mode of Carrying Out the Invention 

An embodiment of a radio communication appara- 
tus according to the present invention will now be 
45 described with reference to the accompanying draw- 
ings. 

FIG. 1 shows the structure of equipment relating to 
a diversity transmission function of a base station for 
mobile communication of CDMA system according to 

so the embodiment of the invention, in this embodiment, 
the number of diversity antennas is four and the number 
of multiplexed channels is five. 

The communication apparatus of the base station 
has four diversity antennas 11 to 1 4 provided at different 

55 locations, e.g. four corners of a square. It is known that 
a diversity effect can be obtained if the distance 
between antennas is about 1/4 or more of the wave- 
length. The antennas 11 to 14 are connected to trans- 
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mission/reception switching circuits 21 to 24, 
respectively. Each transmission/reception switching cir- 
cuit 21 to 24 comprises, e.g. a circulator which corre- 
sponds to a time division duplex system (TDD) in which 
a transmission signal and a reception signal are 
duplexed on the same time axis. Signals transmitted 
from a mobile station (not shown) and received by the 
antennas 11 to 14 via propagation paths in the air are 
output from the transmission/reception switching cir- 
cuits 21 to 24 and supplied to reception units 31 to 34. 

Each reception unit 31 to 34 comprises five receiv- 
ers (Rx) 31 1 to 315; 321 to 325; 331 to 335; 341 to 345 
so as to receive signals of five channels. The receivers 

31 1 . 321 , 331 and 341 receive signals of the first chan- 
nel (i.e. perform inverse diffusion decoding by using 
codes corresponding to the first channel). The receivers 

312, 322, 332 and 342 receive signals of the second 
channel. The receivers 313, 323, 333 and 343 receive 
signals of the third channel. The receivers 314, 324, 334 
and 344 receive signals of the fourth channel. The 
receivers 315. 325, 335 and 345 receive signals of the 
fifth channel. Each receiver performs delay time adjust- 
ment and synthesis process, known as LAKE process, 
so as to receive a multi-path signal reflected by various 
objects. 

The receivers 31 1 to 315 of receiver 31 , for exam- 
ple, will now be described. The receivers 311 to 315 
receive reception signals from the transmission/ recep- 
tion switching circuit 21 and perform predetermined 
reception processes (inverse diffusion demodulation) 
associated with the first to fifth channels, thus obtaining 
reception data. The obtained reception data of the 
respective channels are input to reception synthesis cir- 
cuits (L) 41 to 45 associated with the respective chan- 
nels. Further, the receivers 31 1 to 315 detect reception 
power (electromagnetic field intensity) levels of the 
associated channels in order to determine the commu- 
nication qualities and reception states of the respective 
antennas, and supply the detection results P11 to P15 
to a controller 90 (described later). 

The other reception units 32 to 34 perform the 
same processes as the reception unit 31 , and a detailed 
description thereof is omitted. The reception units 32 to 
34 perform predetermined processes for the respective 
channels and supply the reception data of the respec- 
tive channels to the reception synthesis circuits 41 to 
45. The reception units 32 to 34 similarly detect recep- 
tion power levels P21 to P25, P31 to P35 and P41 to 
P45 of the respective channels and supply the detection 
results to the controller 90. 

The reception synthesis circuits 41 to 45 perform 
weighting processes for the reception data of first to fifth 
channels obtained by the four antennas 11 to 14 in 
accordance with reception levels on the basis of a con- 
trol signal from the controller 90. The reception synthe- 
sis circuits 41 to 45 synthesize processed results and 
supply reception data RxD1 to RxD5 of respective 
channels to signal process units of a rear stage (not 



4 

shown). 

The transmission data TxD1 to TxD5 of respective 
channels are supplied to the transmission/reception 
switching circuits 21 to 24 via a first connection circuit 

5 50, a transmission unit 60, a second connection circuit 
70 and transmission synthesis circuits 81 to 84. Con- 
nection in the first connection circuit 50 and second con- 
nection circuit 70 is controlled by the controller 90. The 
first connection circuit 50 has five input terminals for 

io receiving transmission data TxD1 to TxD5 of respective 
channels and six output terminals. The first to fifth out- 
put terminals output transmission data TxD1 to TxD5 of 
first to fifth channels, and the sixth output terminal out- 
puts one of transmission data TxDI to TxD5 of first to 

75 fifth channels which is designated by the controller 90. 
The number of output terminals corresponds to the 
number of transmitters of the transmission unit 60 
(described later). Thus, the number is not limited six and 
may be at least six. 

20 The transmission unit 60 has transmitters (Tx) 61 to 
66. The transmitters 61 to 66 correspond to the six out- 
put terminals of the first connection circuit 50. The 
transmitters 61 to 66 receive the transmission data, 
respectively. The first to fifth transmitters 61 to 65 corre- 

25 spond to the first to fifth channels. Using predetermined 
diffusion codes corresponding to the respective chan- 
nels, the first to fifth transmitters 61 to 65 perform diffu- 
sion modulation processes and then perform D/A 
conversion and filtering. Thereafter, the first to fifth 

30 transmitters 61 to 65 frequency-convert the input data to 
signals of radio frequencies. The sixth transmitter 66. 
which is an auxiliary transmitter, performs a diffusion 
modulation process with use of other diffusion codes 
and then performs a transmission process. Specifically, 

35 in this embodiment, with respect to one of the five chan- 
nels, two different coding processes are performed to 
transmit signals. The auxiliary transmitter may be used 
only when there is a possibility of inter-channel interfer- 
ence and ordinary diversity control is insufficient Alter- 

40 natively, the auxiliary transmitter may always be used so 
that two different coding processes are performed for 
one channel without fail. 

Transmission signals obtained by transmission 
processes of the first to sixth transmitters 61 to 66 are 

45 input to the second connection circuit 70. The second 
connection circuit 70 has six input terminals and four 
output terminal groups. Each output terminal group 
comprises two or more and six or less (three in this 
case) output terminals. The second connection circuit 

so 70 is provided for diversity transmission. Under control 
of the controller 90. the second connection circuit 70 
connects the output signals of transmitters 61 to 66 to 
an associated one of the four output terminal groups. 
The four output terminal groups of the second con- 

55 nection circuit 90 are connected to transmission synthe- 
sis circuits (L) 81 to 84. The transmission synthesis 
circuits 81 to 84 synthesize transmission signals output 
from the plural (three in this case) output terminals 
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included in each output terminal group of the second 
connection circuit 70. The synthesis results are radiated 
to the space from the antennas 11 to 14 via the associ- 
ated transmission/reception switching circuits 21 to 24. 

The diversity transmission control operation of the 
base station according to the present embodiment will 
now be described with reference to the flow chart of 
FIG. 2. 

In step S12, the controller 90 monitors the data P1 1 
to P15, P21 to P25, P31 to P35, P41 to P45 indicating 
reception power levels of respective channels from the 
receivers of the reception units 31 to 34. The controller 
90 finds the antenna (with best communication quality 
and reception state) by which a reception signal with a 
maximum reception power level is obtained for each 
channel. Suppose that the reception power level of 
antenna 12 is maximum for the first channel, the recep- 
tion power level of antenna 1 1 is maximum for the sec- 
ond and third channels, the reception power level of 
antenna 13 is maximum for the fourth channel, and the 
reception power level of antenna 12 is maximum for the 
fifth channel. 

In step Si 4, it is determined whether or not maxi- 
mum reception power levels of all channels are prede- 
termined levels or above. If the maximum power level is 
a predetermined level of below, inter-channel interfer- 
ence may occur and the reception power level is not reli- 
able. Even if the diversity transmission control is carried 
out on the basis of such reception power level, it is 
highly possible that the optimal antenna may be errone- 
ously selected. 

If it is determined in step S14 that the maximum 
reception power levels of all channels are predeter- 
mined level or above, an ordinary diversity transmission 
control is performed. FIG. 3 shows the connection 
states in the first and second connection circuits 50 and 
70 in this case. 

In step S16, the controller 90 controls the connec- 
tion in the first connection circuit 50 so that the transmis- 
sion data TxDl to TxD5 of respective channels input to 
the first to fifth input terminals are supplied to the trans- 
mitters 61 to 65 of associated channels. The connection 
is controlled such that no transmission data of any 
channel is supplied to the transmitter 66. 

In step Si 8, the controller 90 controls the connec- 
tion in the second connection circuit 70 so that the 
transmission signals of respective channels (outputs of 
transmitters 61 to 65 of respective channels) may be 
supplied to the transmission synthesis circuits con- 
nected to the antennas by which the reception signals of 
maximum reception power levels of respective channels 
have been obtained. Specifically, the transmission sig- 
nals of the first and fifth channels, which are outputs of 
transmitters 61 and 65, are connected to the transmis- 
sion synthesis circuit 82 for second antenna 12. The 
transmission signals of the second and third channels, 
which are outputs of the transmitters 62 and 63. are 
connected to transmission synthesis circuit 81 for first 



antenna 1 1 , and the transmission signal of the fourth 
channel, which is an output of the transmitter 64, is con- 
nected to transmission synthesis circuit 83 for third 
antenna 13. 

5 As a result, the transmission signals of the second 

and third channels synthesized by the transmission syn- 
thesis circuit 81 and supplied via the transmis- 
sion/reception switching circuit 21 is transmitted to the 
space from the antenna 1 1 . The transmission signals of 

10 the first and fifth channels synthesized by the transmis- 
sion synthesis circuit 82 and supplied via the transmis- 
sion/reception switching circuit 22 is transmitted to the 
space from the antenna 12. The transmission signal of 
the fourth channel is transmitted to the space from the 

15 antenna 1 3 via the transmission synthesis circuit 83 and 
transmission/reception switching circuit 23. No trans- 
mission signal is radiated from the antenna 14 since the 
reception signal of the maximum reception power level 
was not obtained for any of the channels. Thus, the 

20 transmission signals of the respective channels are 
transmitted via the antennas with maximum reception 
power levels, and the diversity transmission control is 
carried out 

Subsequently, the control returns to step SI 2 and 

25 the above operations are repeated. 

If it is determined in step S1 4 that there is a channel 
for which the maximum reception power level is a prede- 
termined level or less, a control using the auxiliary 
transmitter 66 is carried out. The reason is that in this 

30 case there is a possibility that an upward propagation 
path from the mobile station to the base station has 
interfered with another channel and the communication 
qualities of all propagation paths have deteriorated and 
consequently the antenna with maximum reception 

35 power level is not necessarily the optimal antenna. Sup- 
pose that the reception power levels of respective chan- 
nels are as mentioned above and the maximum value 
(reception power level of antenna 12) for the fifth chan- 
nel is a predetermined value or less. In the following 

40 description, the fifth channel is referred to as a duplex 
assignment channel. FIG. 4 shows the connection 
states in the first and second connection circuits 50 and 
70 in this case. 

In step S20, the antenna with the second highest 

45 reception power level for the fifth channel is found. Sup- 
pose that the reception power level of third antenna 13 
is second highest. 

In step 22, the controller 90 controls the connection 
in the first connection circuit 50 so that the transmission 

so data TxD1 to TxD5 of respective channels input to the 
first to fifth input terminals may be supplied to the trans- 
mitters 61 to 65 of the associated channels and also the 
transmission data TxD5 of the duplex assignment chan- 
nel (fifth channel with the maximum value being the pre- 

55 determined level of less) may be supplied to the sixth 
transmitter 66. 

In step S24, the controller 90 controls the connec- 
tion in the second connection circuit 70 so that the out- 
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puts from the transmitters 61 to 65 of respective 
channels may be supplied to the transmission synthesis 
circuits connected to the antennas with which the recep- 
tion signals of highest levels of respective channels 
were obtained and also the transmission signal of the 
duplex assignment channel (the fifth channel; however, 
this fifth channel being referred to as •fifth prime (50 
channel" since the signal in this channel has been diver- 
sion-modulated with use of a code different from the 
original one), which is the output from the auxiliary 
transmitter 66, may be supplied to the transmission syn- 
thesis circuit connected to the antenna with which the 
second highest reception power level of fifth channel 
was obtained. Specifically, the transmission signals of 
the first and fifth channels, which have been output from 
the transmitters 61 and 65, are supplied to the transmis- 
sion synthesis circuit 82 for second antenna 12. The 
transmission signals of the second and third channels, 
which have been output from the transmitters 62 and 
63, are supplied to the transmission synthesis circuit 81 
for first antenna 11. The transmission signals of the 
fourth and fifth prime (5*) channels, which have been 
output from the transmitters 64 and 66, are supplied to 
the transmission synthesis circuit 83 for second 
antenna 13. 

As a result, the transmission signals of the second 
and third channels synthesized by the transmission syn- 
thesis circuit 81 and supplied via the transmis- 
sion/reception switching circuit 21 is transmitted to the 
space from the antenna 1 1 . The transmission signals of 
the first and fifth channels synthesized by the transmis- 
sion synthesis circuit 82 and supplied via the transmis- 
sion/reception switching circuit 22 is transmitted to the 
space from the antenna 12. The transmission signals of 
the fourth and fifth prime (5*) channels synthesized by 
the transmission synthesis circuit 83 and supplied via 
the transmission/reception switching circuit 23 are 
transmitted to the space from the antenna 13. No trans- 
mission signal is radiated from the antenna 14 since the 
reception signal of the maximum reception power level 
was not obtained for any of the channels. Thus, the 
transmission signals of the respective channels are 
transmitted via the antennas with maximum reception 
power levels, and the transmission signal of the channel 
with the maximum reception power level being the pre- 
determined level or less is transmitted also via the 
antenna with the second highest reception power level. 
Accordingly, the possibility of selecting the optima! 
antenna increases and as a result the communication 
quality is enhanced. 

Needless to say. each mobile station is provided 
with two receivers so as to receive two diversity-modu- 
lated transmission signals from the base station. 

As has been described above, according to the 
diversity transmission system of this embodiment, a plu- 
rality of antennas are provided and a transmission sig- 
nal from a mobile station is received by plural antennas. 
Based on reception results, one of the antennas (prop- 



agation paths) which has a highest communication 
quality is found and transmission to the mobile station is 
carried out via this antenna, ff communication qualities 
of all propagation paths have deteriorated, it is deter- 

5 mined that the upward propagation path from the mobile 
station to the base station interferes with another chan- 
nel and detection precision of parameters indicating the 
communication quality of each path has lowered. Thus, 
the auxiliary transmitter is also used for the channel with 

70 the maximum reception power level being the predeter- 
mined level or less, two kinds of coding processes are 
performed, and the obtained signals are transmitted 
from different antennas. Accordingly, the possibility of 
selecting the optimal antenna increases and as a result 

is the communication quality can be enhanced. Since the 
auxiliary transmitter is used, the traffic of other channels 
is not affected. Since two antennas are assigned to only 
the channel with the maximum reception power level 
being the predetermined level or less, the channel is not 

20 unnecessarily occupied, nor is the power consumption 
increased. 

The present invention is not limited to the above 
embodiment. 

In the embodiment, the auxiliary transmitter 66 is 

25 used only in the case where there is a possibility of 
occurrence of inter-channel interference and an ordi- 
nary diversity control is insufficient. However, irrespec- 
tive of whether or not the maximum reception power 
level is the predetermined level or less, the auxiliary 

30 transmitter 66 may always be used for the channel with 
a lowest maximum reception power level and two differ- 
ent coding processes are always carried out for one 
channel for transmission. 

The number of auxiliary transmitters 66 is not lim- 

35 ited to one. If two or more auxiliary transmitters 66 are 
provided, there is no problem even if two or more chan- 
nels have maximum reception power levels being a pre- 
determined level or less. 

The number of terminals of second connection cir- 

40 cuits 70 connected to the same antenna, i.e. the 
number of terminals of the output terminal group, is not 
limited to three. Needless to say, the invention can be 
worked if the number is two or more. 

In the above embodiment, reception power levels 

45 from the reception units 31 to 34 are used by the con- 
troller 90 as parameters for determining the transmis- 
sion antenna assignment. Needless to say. the same 
advantage can be obtained even if the transmission 
antenna assignment is determined, for example, on the 

so basis of a signal/noise ratio of a desired signal to noise 
of interference by another channel, a so-called CN ratio, 
or CI ratio. 

In the above embodiment, parameters for finding 
the optimal transmission antenna and parameters for 
55 finding the channel for which the auxiliary transmitter is 
used are the same (r ception electric field intensity). 
However, it is not necessary to use the same parame- 
ters. For example, the reception electric field intensity 
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may be used on the one hand, and the signal/noise ratio 
on the other. 

The transmitters 61 to 66 were described as having 
two functions: a diffusion modulation function using dif- 
fusion codes, and a frequency conversion function of 5 
frequency-converting a D/A converted analog transmis- 
sion signal to a radio-frequency signal. The invention 
can be worked even if these functions are separated. 
For example, diffusion modulators may be provided at 
the positions of transmitters 61 to 66 in FIG. 1, and io 
frequency converters may be provided between the 
transmission synthesis circuits 81 to 84 and transmis- 
sion/reception switching circuits 21 to 24. 

In the above description, transmission for at least 
one channel is carried out via two antennas. If two or is 
more auxiliary transmitters are provided, transmission 
may be carried out via tree or more antennas. 

The CDMA system was adopted as an example of 
the multi-channel access system. However, TDMA 
(Time Division Multiple Access) system or FDMA (Fre- 20 
quency Division Multiple Access) may be adopted. 

In the above description, one antenna has one 
propagation path. If one antenna is provided with plural 
propagation paths, one of the paths may be selected. In 
this case, the number of antennas may be one. 25 

Other modifications may be made without departing 
from the spirit of the invention. 

Industrial Applicability 

30 

As has been described above, in the present inven- 
tion, transmitters, the number of which is greater than 
the number of channels, are provided in a radio commu- 
nication apparatus of a diversity transmission system. 
With respect to a channel which is considered to be 35 
affected by inter-channel interference or which is con- 
sidered in a degraded reception state based on recep- 
tion states of respective antennas, signal transmission 
is carried out from plural antennas via plural transmit- 
ters. Thus, the communication quality can be enhanced 40 
without lowering the frequency use efficiency. 

Claims 

1. A radio communication apparatus connected to a 45 
radio communication terminal via a radio link, the 
apparatus comprising: 

m antennas (m being a positive integer of 2 or 
more); so 
n receivers (n being a positive integer of 2 or 
more), connected to the m antennas respec- 
tively, for receiving multiplex signals received 
by the respective antennas for respective chan- 
nels; 55 
means for detecting reception states of the 
respective antennas for the respective chan- 
nels in accordance with outputs from the n 



receivers; 

(n + i) transmitters (i being a positive integer of 
1 or more); 

means for detecting presence/absence of inter- 
channel interference based on outputs from the 
n receivers; and 

diversity means for supplying, when the 
absence of inter-channel interference has been 
detected, transmission signals of the n chan- 
nels to the antennas of best reception states for 
the respective channels via n transmitters of 
the (n + i) transmitters, and for supplying, when 
the presence of inter-channel interference has 
been detected, the transmission signals of the 
n channels to the antennas of best reception 
states for the respective channels via the n 
transmitters of the (n + i) transmitters and also 
supplying the transmission signal of the chan- 
nel, with which the presence of inter-channel 
interference has been detected, to the antenna 
of second best reception state via i transmitters 
of the (n + i) transmitters. 

2. The radio communication apparatus according to 
claim 1, wherein said reception states detecting 
means comprises means for detecting a reception 
electric field intensity of each antenna for each 
channel. 

3. The radio communication apparatus according to 
claim 1, wherein said reception states detecting 
means comprises means for detecting a sig- 
nal/noise ratio of the reception signal of each 
antenna for each channel. 

4. The radio communication apparatus according to 
claim 1 , wherein said multiplex signal is a signal 
multiplexed by a CDMA system, said n receivers 
comprise means for inverse-diffusion demodulating 
the reception signal with use of codes inherent to 
the channels, the n transmitters of said (n + i) trans- 
mitters comprise means for diffusion-modulating 
the transmission signal with use of inherent codes, 
and the i transmitters of said (n + i) number of trans- 
mitters comprises means for diffusion-modulating 
the transmission signal with use of codes different 
from the codes of the n transmitters. 

5. The radio communication apparatus according to 
claim 1, wherein said inter-channel interference 
detecting means comprises means for detecting 
maximum reception electric field intensities of the 
reception signals received by the m antennas for 
the respective channels, and detecting the pres- 
ence of inter-channel interference when the maxi- 
mum reception electric field intensities of all 
channels are at a predetermined value or less. 



6 



EP 0 884 862 A1 



12 



6. The radio communication apparatus according to 
claim 1, wherein said inter-channel interference 
detecting means comprises means for detecting 
maximum signal/noise ratios of the reception sig- 
nals received by the m antennas for the respective s 
channels, and detecting the presence of inter-chan- 
nel interference when the maximum signal/noise 
ratios of all channels are at a predetermined value 

or less. 

10 

7. The radio communication apparatus according to 
claim 1 , wherein said diversity means comprises a 
first connection circuit having n input terminals, to 
which the transmission signals of the n channels 
are supplied, and (n + i) output terminals connected 15 
to the (n + i) transmitters, a second connection cir- 
cuit having (n + i) input terminals, to which outputs 

of the (n + i) transmitters are supplied, and m output 
terminal groups connected to the m antennas and 
each comprised of a plurality of output terminals, 20 
and control means for controlling connection of 
input and output terminals of the first and second 
connection circuits. 

8. A radio communication apparatus connected to a 25 
radio communication terminal via a radio link, the 
apparatus comprising: 

m antennas (m being a positive integer of 2 or 
more); 30 
n receivers (n being a positive integer of 2 or 
more), connected to the m antennas respec- 
tively, for receiving multiplex signals received 
by the respective antennas for respective chan- 
nels; 35 
means for detecting reception states of the 
respective antennas for the respective chan- 
nels in accordance with outputs from the n 
receivers; 

(n + i) transmitters (i being a positive integer of 40 
1 or more); and 

diversity means for supplying transmission sig- 
nals of the n channels to the antennas of best 
reception states for the respective channels via 
n transmitters of the (n + i) transmitters, and for 45 
supplying the transmission signal of the chan- 
nel, with which maximum reception quality of 
each channel is at a predetermined value or 
less, to the antenna of second best reception 
state via the other transmitters. . so 

9. The radio communication apparatus according to 
claim 8, wherein said reception states detecting 
means comprises means for detecting a reception 
electric field intensity of each antenna for each ss 
channel. 

1 0. The radio communication apparatus according to 



claim 8, wherein said reception states detecting 
means comprises means for detecting a sig- 
nal/noise ratio of the reception signal of each 
antenna for each channel. 

11. The radio communication apparatus according to 
claim 8. wherein said multiplex signal is a signal 
multiplexed by a CDMA system, said n receivers 
comprise means for inverse-diffusion demodulating 
the reception signal with use of codes inherent to 
the channels, the n transmitters of said (n + i) trans- 
mitters comprise means for diffusion-modulating 
the transmission signal with use of inherent codes, 
and the i transmitters of said (n + i) number of trans- 
mitters comprises means for diffusion-modulating 
the transmission signal with use of codes different 
from the codes of the n transmitters. 

12. The radio communication apparatus according to 
claim 8. wherein said diversity means comprises a 
first connection circuit having n input terminals, to 
which the transmission signals of the n channels 
are supplied, and (n + i) output terminals connected 
to the (n + i) transmitters, a second connection cir- 
cuit having (n + i) input terminals, to which outputs 
of the (n + 0 transmitters are sillied, and m output 
terminal groups connected to the m antennas and 
each comprised of a plurality of output terminals, 
and control means for controlling connection of 
input and output terminals of the first and second 
connection circuits. 

. s 

1 3. A radio communication apparatus having a diversity 
transmission function wherein a signal with multi- 
plexed channels is received via a plurality of paths, 

a best path is selected based on quality of the * 
received signal, and a signal is transmitted via the .r 
selected path, the apparatus comprising: 

transmitters which is greater than the channels 
in numbers; and 

means for transmitting at least one signal via 
plural transmitters and plural paths. 

14. The radio communication apparatus according to 
claim 13, wherein said transmission means com- 
prises means for selecting a path with a best recep- 
tion quality for each channel and means for 
transmitting, when the reception quality of the 
selected path is worse than a predetermined state, . 
a signal of the associated channel via plural trans- 
mitters and plural paths. 

15. The radio communication apparatus according to 
claim 13, wherein said transmission means com- 
prises means for selecting a path with a best recep- 
tion quality for each channel and means for 
transmitting a signal of a channel, with which the 
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reception quality of the selected path is worse than 
a predetermined state, to plural transmitters and 
plural paths. 

16. The radio communication apparatus according to s 
claim 13, wherein said transmission means com- 
prises means for switching connection of transmis- 
sion signals, the transmitters, and the paths at 
predetermined cycles. 

10 

17. The radio communication apparatus according to 
claim 13, wherein said transmitters comprise first 
transmitters for performing modulation peculiar to 
the channels, and a second transmitter for perform- 
ing modulation different from the modulation by the is 
first transmitters. 

18. The radio communication apparatus according to 
claim 13, wherein said path is an antenna. 

20 

19. The radio communication apparatus according to 
claim 13. wherein said multiplex signal is a CDMA 
signal. 
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6. The radio communication apparatus according to 
claim 1, wherein said inter-channel interference 
detecting means comprises means for detecting 
maximum signal/noise ratios of the reception sig- 
nals rec ived by the m antennas for the respective 5 
channels, and detecting the presence of inter-chan- 
nel interference when the maximum signal/noise 
ratios of all channels are at a predetermined value 

or less. 

10 

7. The radio communication apparatus according to 
claim 1 , wherein said diversity means comprises a 
first connection circuit having n input terminals, to 
which the transmission signals of the n channels 
are supplied, and (n + i) output terminals connected is 
to the (n + i) transmitters, a second connection cir- 
cuit having (n + i) input terminals, to which outputs 

of the (n + i) transmitters are supplied, and m output 
terminal groups connected to the m antennas and 
each comprised of a plurality of output terminals, 20 
and control means for controlling connection of 
input and output terminals of the first and second 
connection circuits. 

8. A radio communication apparatus connected to a 2s 
radio communication terminal via a radio link, the 
apparatus comprising: 



9. The radio communication apparatus according to 
claim 8, wherein said reception states detecting 
means comprises means for detecting a reception 
electric field intensity of ach antenna for each ss 
channel. 

10. The radio communication apparatus according to 
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claim 8, wherein said reception states detecting 
means comprises means for detecting a sig- 
nal/noise ratio of the reception signal of each 
antenna for each channel. 

11. The radio communication apparatus according to 
claim 8, wherein said multiplex signal is a signal 
multiplexed by a CDMA system, said n receivers 
comprise means for inverse-diffusion demodulating 
the reception signal with use of codes inherent to 
the channels, the n transmitters of said (n + i) trans- 
mitters comprise means for diffusion-modulating 
the transmission signal with use of inherent codes, 
and the i transmitters of said (n + i) number of trans- 
mitters comprises means for diffusion-modulating 
the transmission signal with use of codes different 
from the codes of the n transmitters. 

12. The radio communication apparatus according to 
claim 8, wherein said diversity means comprises a 
first connection circuit having n input terminals, to 
which the transmission signals of the n channels 
are supplied, and (n + i) output terminals connected 
to the (n + 0 transmitters, a second connection cir- 
cuit having (n + i) input terminals, to which outputs 
of the (n + i) transmitters are supplied, and m output 
terminal groups connected to the m antennas and 
each comprised of a plurality of output terminals, 
and control means for controlling connection of 
input and output terminals of the first and second 
connection circuits. 

13. A radio communication apparatus having a diversity 
transmission function wherein a signal with multi- 
plexed channels is received via a plurality of paths, 
a best path is selected based on quality of the 
received signal, and a signal is transmitted via the 
selected path, the apparatus comprising: 

transmitters which is greater than the channels 
in numbers; and 

means for transmitting at least one signal via 
plural transmitters and plural paths. 

14. The radio communication apparatus according to 
claim 13, wherein said transmission means com- 
prises means for selecting a path with a best recep- 
tion quality for each channel and means for 
transmitting, when the reception quality of the 
selected path is worse than a predetermined state, 
a signal of the associated channel via plural trans- 
mitters and plural paths. 

15. The radio communication apparatus according to 
claim 13, wherein said transmission means com- 
prises means for selecting a path with a best recep- 
tion quality for each channel and means for 
transmitting a signal of a channel, with which the 



m antennas (m being a positive integer of 2 or 
more); 30 
n receivers (n being a positive integer of 2 or 
more), connected to the m antennas respec- 
tively, for receiving multiplex signals received 
by the respective antennas for respective chan- 
nels; 35 
means for detecting reception states of the 
respective antennas for the respective chan- 
nels in accordance with outputs from the n 
receivers; 

(n + i) transmitters (i being a positive integer of 40 
1 or more); and 

diversity means for supplying transmission sig- 
nals of the n channels to the antennas of best 
reception states for the respective channels via 
n transmitters of the (n + i) transmitters, and for 45 
supplying the transmission signal of the chan- 
nel, with which maximum reception quality of 
each channel is at a predetermined value or 
less, to the antenna of second best reception 
state via the other transmitters. , so 



7 



13 



EP 0 884 862 A1 



reception quality of the selected path is worse than 
a predetermined state, to plural transmitters and 
plural paths. 

16. The radio communication apparatus according to 
claim 13, wherein said transmission means com- 
prises means for switching connection of transmis- 
sion signals, the transmitters, and the paths at 
predetermined cycles. 



19. The radio communication apparatus according to 
claim 13, wherein said multiplex signal is a CDMA 
signal. 
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17. The radio communication apparatus according to 
claim 13, wherein said transmitters comprise first 
transmitters for performing modulation peculiar to 
the channels, and a second transmitter for perform- 
ing modulation different from the modulation by the is 
first transmitters. 

18. The radio communication apparatus according to 
claim 13, wherein said path is an antenna. 
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